General Information: All commercially obtained reagents were used as received; Pd(OAc) 2 (Johnson-Matthey Chemicals) and Pd[1,2-bis(phenylsulfinyl)ethane](OAc) 2 "4" (Strem Chemicals) were stored in a refrigerator at 0°C and weighed out in the air at room temperature prior to use. Tetrahydrofuran (THF) was purified prior to use by passage through a bed of activated alumina (Glass Contour, Laguna Beach, California). 1,2-Dichloroethane, 1,4-benzoquinone and (R,R)-Cr(salen)Cl were purchased from Sigma-Aldrich, Cr(TPP)Cl, X-Phos and Pd 2 (dba) 3 were purchased from Strem Chemicals and used as received. All allylic oxidation reactions were run under ambient air with no precautions taken to exclude moisture. All other reactions were run under an argon balloon unless otherwise stated. Thin-layer chromatography (TLC) was conducted with E. Merck silica gel 60 F254 precoated plates (0.25 mm) and visualized with UV and potassium permanganate stain. Flash chromatography was performed as described by Still using ZEOprep 60 ECO 43-60 micron silica gel (American International Chemical, Inc.). 1 H NMR spectra were recorded on a Varian Unity-400 (400 MHz), Varian Inova-500 (500 MHz), or Varian Unity-500 (500 MHz) spectrometer and are reported in ppm using solvent as an internal standard (CDCl 3 at 7.26 ppm). Data reported as: s = singlet, d = doublet, t = triplet, q = quartet, quin. = quintet, sext. = sextet, sept. = septet, m = multiplet, b = broad, ap = apparent; coupling constant(s) in Hz; integration. Proton-decoupled 13 C NMR spectra were recorded on a Varian Unity-400 (100 MHz) and Varian Unity-500 (125 MHz) spectrometer and are reported in ppm using solvent as an internal standard (CDCl 3 ). IR spectra were recorded as thin films on NaCl plates on a Perkin-Elmer Spectrum BX and are reported in frequency of absorption (cm -1 ). High-resolution mass spectra were obtained at the University of Illinois Mass Spectrometry Laboratory. 7 4 DCE 16 h 72 d 6 Cr(salen)BF 4 4 DCE 16 h 47 d Cr(TPP)Cl 13 Ag(OTf) 4 THF 16 h 18 S3
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Optimization Studies
General Procedure for Optimization Studies (unless noted otherwise) To a ½ dram borosilicate vial containing a Teflon stir bar was added the corresponding phenol (0.10 mmol, 1 equiv.), benzoquinone (0.20 mmol, 2.0 equiv.), Pd catalyst (0.01 mmol, 0.10 equiv.) and corresponding additive (0.01 mmol, 0.10 equiv.). The corresponding solvent (0.3 mL) was then added to the ½ dram vial, and the vial was sealed under air and placed to stir at 45˚C for the given amount of time. The vial was allowed to cool, the contents transferred to a 100 mL round bottom flask with dichloromethane, and the solvents were evaporated under reduced pressure. The 1 Purification by flash column chromatography (10% EtOAc/hexanes) provided the vinylchroman as a clear oil. Run 1 (13.0 mg, 72% yield); Run 2 (11.8 mg, 66% yield). Average: 69% Yield. 1 Purification by flash column chromatography (10% EtOAc/hexanes) provided the vinylchroman as a clear oil. Run 1 (15.5 mg, 80% yield); Run 2 (15.9 mg, 82% yield). Average: 81% Yield. 1 Purification by flash column chromatography (10% EtOAc/hexanes) provided the vinylchroman as a clear oil. Run 1 (20.2 mg, 85% yield); Run 2 (20.1 mg, 84% yield). Average: 84% Yield. 1 1 13 
6-chloro-3-vinylisochroman (8b):
(2-(but-3-en-1-yl)-4-chlorophenyl)methanol (7b) (19.6 mg, 0.10 mmol) was reacted according to the general procedure. Purification by flash column chromatography (10% EtOAc/hexanes) provided the isochroman as a clear oil. Run 1 (16.0 mg, 82% yield); Run 2 (13.1 mg, 67% yield). Average: 75% Yield. 1 
6-(trifluoromethyl)-3-vinylisochroman (8d):
(2-(but-3-en-1-yl)-4-(trifluoromethyl) phenyl)methanol (7d) (23.0 mg, 0.10 mmol) was reacted according to the general procedure. Purification by flash column chromatography (10% EtOAc/hexanes) provided the isochroman as a clear oil. Run 1 (16.5 mg, 72% yield); Run 2 (15.6 mg, 68% yield). Average: 70% Yield. 1 
3-vinyl-2-oxaspiro[5.5]undecane (10b):
(1-(pent-4-en-1-yl)cyclohexyl)methanol (9b) (18.2 mg, 0.10 mmol) was reacted according to the general procedure. Purification by flash column chromatography (10% EtOAc/hexanes) provided the vinylpyran as a clear oil. Run 1 (13.5 mg, 75% yield); Run 2 (14.8 mg, 82% yield). Average: 78% Yield. 1 (13.7 mg, 81% yield); Run 2 (15.3 mg, 90% yield). Average: 86% Yield. 1 
2-vinyltetrahydro-2H-pyran (10d)
: hept-6-en-1-ol (9d) (11.4 mg, 0.1 mmol) was reacted according to the general procedure, except with DCE-d 4 used as the solvent, and nitrobenzene (0.04 mmol) was added as an internal standard. After reaction completion, a 10 µL aliquot was taken and diluted with CDCl 3 for direct analysis, with yields determined by integration of the olefinic product peaks and compared to the internal standard (yield = 41%, recovered starting material 48%, average of two runs). Spectral data matched those previously reported in the literature. 6 O S12
Mechanistic Studies
Determination of Initial Rates of Chroman Formation for Hammett Analysis
General Procedure for Initial Rate Analysis To a ½ dram borosilicate vial containing a Teflon stir bar were added the corresponding phenol (0.10 mmol, 1 equiv.), benzoquinone (0.20 mmol, 2.0 equiv.), and Cr(salen)Cl (0.01 mmol, 0.10 equiv.) where specified. 1,2-Dichloroethane-d 4 (0.33M) and nitrobenzene (0.04 mmol, 0.4 equiv.) were added to the ½ dram vial. Catalyst 4 (0.01 mmol, 0.10 equiv.) was added, and the vial was then sealed and placed to stir at the designated temperature. Aliquots (10 µL) were taken at the corresponding times from the reaction flask, added directly to an NMR tube and diluted with CDCl 3 for direct analysis. The yield was determined by integration of the olefinic product peaks relative to the nitrobenzene standard using the Mnova software program (version 7.1.2-10008). Yields are reported as the average of three runs, with error bars representing standard deviation. Initial rates were then calculated and applied to the corresponding Hammett Plot. To a ½ dram borosilicate vial containing a Teflon stir bar was added 2-(pent-3-en-1yl)phenol 10 (0.10 mmol, 1 equiv.), benzoquinone (0.20 mmol, 2.0 equiv.), catalyst 4 (0.01 mmol, 0.10 equiv.) and Cr(III)(salen)Cl (0.01 mmol, 0.10 equiv.). 1,2dichloroethane (0.3 mL) and were then added to the ½ dram vial. The vial was then sealed and placed in an aluminum block to stir at 45˚C. After 16 hours, the solvent was removed, a nitrobenzene standard (0.04 mmol, 0.4 equiv.) was added, and the mixture was diluted in CDCl 3 . An aliquot was examined by 1 H NMR (500MHz), and the yield was determined by integration of the olefinic product peaks relative to the nitrobenzene standard. 0% Yield of chroman product 7a, 60% conversion of SM to a complex mixture. 1 In a glove box under argon, to a flame-dried 5 mL RBF containing a Teflon stir bar was added Pd 2 dba 3 •CHCl 3 (chlorofom adduct) (2.1 mg, 0.002 mmol, 0.02 equiv.) and 1,3-Bis(diphenylphosphino)propane (2.5 mg, 0.006 mmol, 0.06 equiv.). A septum was added and the vial was taken outside the glovebox. Dry CH 2 Cl 2 (0.3 mL) was added, and the mixture was stirred for 10 minutes under argon at room temperature. The carbonate substrate (0.1 mmol, 1 equiv.) as a solution in dry CH 2 Cl 2 (0.7 mL) was added via cannula, and the mixture was stirred for 3 hours. The solvent was removed under reduced pressure, and the crude mixture was subjected directly to column chromatography to afford the chroman products. Chroman 6a: Run 1: 84% yield; run 2: 83% yield; Average 84% yield. Chroman 6i: Run 1: 5% yield, 82% recovered starting material; run 2: 8% yield, recovered starting material: 78%; Average 7% yield, 80% RSM. Chroman 6h: Run 1: 12% yield, 71% recovered starting material; run 2: 10% yield, recovered starting material: 85%; Average 11% yield, 78% RSM.
Reactivity of Terminal Allylic Carbonate Substrates Under Pd(0) Conditions
5-(2-hydroxyphenyl)pent-2-en-1-yl methyl carbonate (12a):
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Pd(0) Initial Rate Determination.
Initial rates were determined by measuring product formation via HPLC (Zorbax CN, 4.6 x 250 nm), versus an internal nitrobenzene standard. Yields for timepoints were determined via comparison with a standard curve of the corresponding product versus nitrobenzene. The determined rate reflects the average of three runs, with error bars representing standard deviation. In order to obtain accurate initial rate data, all reactions in this analysis were run at room temperature. To a ½ dram borosilicate vial containing a Teflon stir bar was added deuterated 5a-d 2 (0.10 mmol, 1 equiv.), benzoquinone (0.20 mmol, 2.0 equiv.), and Cr(III)(salen)Cl (0.01 mmol, 0.10 equiv.). 1,2-Dichloroethane-d 4 (0.33M) and nitrobenzene (0.04 mmol, 0.4 equiv.) were added to the ½ dram vial. Catalyst 4 (0.01 mmol, 0.10 equiv.) was added, and the vial was sealed and placed to stir at room temperature. Aliquots (10 µL) were taken at the corresponding times from the reaction flask, added directly to an NMR tube and diluted with CDCl 3 for direct analysis. The yield was determined by integration of the olefinic product peaks relative to the nitrobenzene standard using the Mnova software program (version 7.1.2-10008). Yields are reported as the average of three runs, with error bars representing standard deviation. An initial rate was determined and compared to the previously determined initial rate for formation of 6a ( Figure S1 ). Error for kinetic isotopes was calculated via propagation of the standard error of the mean for each set of rates. 
4-methyl-2-(pent-4-en-1-yl)phenol (5b):
Product is a clear oil. 1 
4-methoxy-2-(pent-4-en-1-yl)phenol (5c):
Product is an off-white solid. 1 
4-fluoro-2-(pent-4-en-1-yl)phenol (5d):
Product is a yellow oil. 1 
4-chloro-2-(pent-4-en-1-yl)phenol (5e):
4-bromo-2-(pent-4-en-1-yl)phenol (5f):
2,4-dichloro-6-(pent-4-en-1-yl)phenol (5g):
2-(pent-4-en-1-yl)-4-(trifluoromethyl)phenol (5h):
Product is a clear oil. 1 (2-(but-3-en-1-yl)-1,3-dioxolan-2-yl)ethanol (9c) : Product is a clear oil. 1 Note: A more direct fragment-coupling strategy was developed to access the bishomoallylic tether motif with a small amount (11%) of internal olefin by-product, starting from a commercially available aryl bromide and alkyl bromide precursor. The resulting anisole product can be readily deprotected to the desired phenol (see procedure below). Extensive optimization (ligand modification, solvent, temperature) to exclude olefin isomerization was not undertaken. Material produced from this route was found to be almost completely competent for the reaction, resulting in 70% yield of 6a.
Procedure:
Under the conditions of Fu 11 , a flame-dried 50 mL Schlenk flask was charged with zinc powder (0.98 g, 15 mmol) and heated to 70˚C under vacuum for 30 minutes. After backfilling the flask with argon, iodine (0.13 g, 0.5 mmol) and DMA (10 mL, freshly distilled) were added. The mixture was stirred until the red color had faded (~1 minute); subsequently 5-bromo-1-pentene (1.18 mL, 10 mmol) was added. The mixture was stirred for 7 hours at 70˚C. After cooling to room temperature, the mixture was filtered (to remove excess zinc) into a dry flask under argon. In a separate flame-dried flask, in a glove box was added Pd 2 (dba) 3 (73 mg, 0.08 mmol) and X-Phos (152 mg, 0.32 mmol). The flask was removed from the glove box under argon, and DMA (3 mL, freshly distilled) was added. The mixture was stirred for 2 minutes, and 2-bromoanisole (0.5 mL, 4 mmol) was added, followed by 5 mL of the 1M alkylzinc solution prepared above. The mixture was stirred for 4 hours at 65˚C under argon. After conversion of the aryl bromide starting material (observed by TLC), the flask was cooled to 0˚C, and the mixture was slowly diluted with sat. aq. NH 4 Cl (equal volume to DMA used), transferred to an appropriate separatory funnel, and Et 2 O was added (3X volume to DMA used). The organic layer was separated and washed with water (x 3). The organic layer was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude product was purified by column chromatography (1:99 EtOAc:hexanes) to afford 13 as a clear oil (426 mg, 2.42 mmol, 60% yield.) (11% isomerization of the terminal olefin to internal olefin isomers, determined by 1 H NMR). 1 
General Synthesis of Phenol Starting Materials
General Route A was used for substrates 5a, 5b, 5c, 5j, and 5k. General Route B was used for substrates 5a and 5i. General Route C was used for substrates 5a, 5d, 5e, 5f, 5g and 5h.
General Route A:
To a round-bottom flask (RBF) flask opened to air was added a Teflon stir bar, the corresponding α-tetralone starting material (1.0 equiv.) and dichloromethane (0.50 M) then placed on a magnetic stir plate. mCPBA (1.8 equiv.) was then added to the stirring reaction flask at room temperature, and the flask was equipped with a condenser. The temperature was then raised to reflux and allowed to stir until conversion by TLC analysis (24-72h). Upon complete conversion, the reaction was cooled in an ice bath and quenched SLOWLY with sat. aq. sodium bisulfite solution. The solution was then transferred to an appropriate sepratory funnel. The organic layer was washed with 10% aqueous NaOH (x 5) (wash volumes being equal to the organic volume). The organic layers were combined and dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude lactone was carried forward with no further purification.
To a flame-dried RBF containing a Teflon stir bar was added the corresponding lactone (1.0 equiv.) and toluene (0.10 M). The reaction was cooled to -78°C, followed by the dropwise addition of DIBAL-H (1.0 M in hexanes; 1.1 equiv.). Upon complete conversion by TLC analysis (2h) the reaction was slowly quenched with sat. aq. Rochelle's salt. The quenched reaction was allowed to warm to room temperature at which point additional sat. aq. Rochelle's salt (equal volume to the organic layer) was added. The biphasic mixture was stirred vigorously overnight. The solution was then transferred to an appropriate separatory funnel. The aqueous layer was washed with EtOAc (x 3). The organic layers were combined and dried over anhydrous MgSO 4 , filtered and concentrate under reduced pressure. The crude aldehyde was carried forward with no further purification. To a flame-dried RBF containing a Teflon stir bar was added Ph 3 PCH 2 Br (4.0 equiv.) and THF (0.10 M). The flask was place in an ice bath followed by the rapid addition of solid KtBuO (3.9 equiv.). The solution immediately turns bright yellow (heterogeneous mixture) and is allowed to stir for 30 min. The corresponding aldehyde (1.0 equiv.) in THF (1.0 M) was then added via canula and stirred for an additional 2 hours. Upon completion by TLC analysis the reaction was quenched with sat. aq. NH 4 Cl solution. The solution was transferred to an appropriate separatory funnel and the aqueous layer was extracted with Et 2 O (3 x). The organic layers were combined and dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude reaction mixture was purified using flash column chromatography (7-10% EtOAc/Hexanes) providing the corresponding phenol starting materials.
General Route B:
Under the Heck conditions of Jeffery 12 , to a flame-dried RBF containing a Teflon stir bar was added aryl iodide starting material (1.0 equiv.), tetrabutylammonium chloride (1 equiv.), NaHCO 3 (2.5 equiv.) and DMF (1.0 M). Pd(OAc) 2 (2.0 mol%) was then added quickly in one portion followed by the addition of but-3-en-1-ol (1 equiv.). The flask was placed in an 85°C oil bath and stirred until completion by TLC analysis (24-72h). Upon complete conversion, the mixture was diluted with sat. aq. NH 4 Cl (equal volume to DMF used), transferred to an appropriate separatory funnel, and Et 2 O was added (3X volume to DMF used). The organic layer was separated and washed with water (x 3). The organic layer was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude aldehyde was carried forward with no further purification.
To a flame dried flask containing a Teflon stir bar was added Ph 3 PCH 2 Br (4.0 equiv.) and THF (0.10 M). The flask was placed in an ice bath followed by the rapid addition of solid KtBuO (3.9 equiv.). The solution immediately turned bright yellow (heterogeneous mixture) and wass allowed to stir for 30 min. The corresponding To a flame-dried flask fitted with a reflux condenser and containing a Teflon stir bar was added NaH (2.2 equiv.) and DMF (0.66 M based upon starting olefin). The flask was then placed into an ice bath followed by the dropwise addition of ethanethiol (2.4 equiv.) . Upon complete addition the solution became clear yellow (if the solution is still heterogeneous, add ethanethiol dropwise until clear). The corresponding olefin precursor (1 equiv.) in DMF (0.66 M) was then added via canula. The reaction was refluxed until complete conversion by TLC analysis (~2h). The solution was cooled to room temperature, diluted with water (equal volume to DMF used), transferred to an appropriate separatory funnel and EtOAc was added (2X volume to DMF used). The organic layer was separated and washed with water (x 2). The organic layer was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude reaction mixture was purified using flash column chromatography (7-10% EtOAc/Hexanes) providing the corresponding phenol.
General Route C:
To a flame-dried RBF was added a Teflon stir bar, magnesium turnings (4 equiv.) and dry diethyl ether (1.0 M, relative to bromobutene) was added under nitrogen. The flask was equipped with a reflux condenser and 4-bromo-1-butene (4 equiv.) was added dropwise with vigorous stirring. A second flame-dried RBF was equipped with a stir bar and the respective salicylaldehyde. THF (0.1 M respective to the substrate) was added to the second flask under nitrogen, and the flask was cooled to zero. The Grignard reagent was added to the second flask via cannula, and the mixture was stirred while warming to room temperature for 4 hours. Upon complete conversion by TLC, the reaction was cooled in an ice bath and quenched SLOWLY with sat. aq. NH 4 Cl solution. The solution was then transferred to an appropriate separatory funnel. The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 x). The organic layers were combined and dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude alcohol was purified immediately using column chromatography.
Under the conditions of Wang 13 , to a flame dried RBF containing a Teflon stir bar was added the corresponding alcohol (1.0 equiv.) and nitromethane (0. nitrogen. Triethylsilane (2.2 equiv.) was added, followed by anhydrous FeCl 3 (0.1 equiv.), and the reaction was stirred for 3 to 5 hours. The solvent was evaporated under reduced pressure, and the remaining contents were submitted directly to column chromatography to afford the desired phenol.
General Synthesis of Benzylic Alcohol Starting Materials
General Route was used for substrates 7a, 7b and 7d.
General Starting Material Synthesis: Using the conditions of Alper 14 , to a flame-dried RBF with a stir bar was added the benzoic acid starting material (1 equiv.) and THF (0.5 M), and the solution was cooled to 0˚C under nitrogen. Borane/THF (1.1 equiv) was slowly added and the mixture was stirred for 5 hours. The reaction was quenched carefully with THF/H 2 O (1:1) and the aqueous phase was saturated with K 2 CO 3 . The organic layer was separated and the aqueous layer was extracted with ether (x 2). The combined organic phases were dried with anhydrous MgSO 4 , filtered, concentrated, and subjected to column chromatography to afford the benzylic alcohol. A flask was charged with benzylic alcohol (1 equiv.), acetone (0.1 M), 3,4dihydropyran (4 equiv.), and pyridinium p-toluenesulfonate (PPTS) (0.1 equiv.). The heterogeneous solution was stirred 12-48 hours and monitored by TLC for complete conversion of the starting material. The reaction solution was concentrated under reduced pressure, the mixture was dissolved in CH 2 Cl 2 , washed with 1M NaOH. The organic layer was separated, and the aqueous layer further extracted with CH 2 Cl 2 (x 2). The organic layers were combined, dried over anhydrous MgSO 4 , concentrated under reduced pressure, and subjected to column chromatography to afford the THPprotected alcohol.
Using the conditions of Balme 15 , to a flask under argon containing a Teflon stir bar was added aryl iodide (1.0 equiv.), triethylbenzylammonium chloride (TEBAC) (1 equiv.), NaHCO 3 (2.5 equiv.) and DMF (0.5 M). Pd(OAc) 2 (2.0 mol%) was added quickly in one portion followed by the addition of allyl alcohol (3 equiv.). The flask was placed in an 65°C oil bath and stirred until completion by TLC analysis (22h). Upon complete conversion, to the mixture was added aq. NH 4 Cl slowly at 0˚C (equal volume to DMF used), transferred to an appropriate separatory funnel and Et 2 O was added (3X volume to DMF used). The organic layer was washed with water (x 2). The organic layer was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude aldehyde was submitted to column chromatography.
To a flame dried flask containing a Teflon stir bar was added Ph 3 PCH 2 Br (4.0 equiv.) and THF (0.10 M). The flask was place in an ice bath followed by the rapid addition of solid KtBuO (3.9 equiv.). The solution immediately turned bright yellow (heterogeneous mixture) and was allowed to stir for 30 min. The corresponding aldehyde (1.0 equiv.) in THF (1.0 M) was added via canula and stirred for an additional 2 hrs. Upon completion by TLC analysis the reaction was quenched with sat. aq. NH 4 Cl solution. The solution was transferred to an appropriate separatory funnel and the aqueous layer was extracted with EtOAc (x 2). The organic layers were combined and dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude reaction mixture was purified using flash column chromatography to provide the corresponding olefin.
The olefin was added to a flask with a stir bar, to which was added MeOH (0.1 M) and PPTS (0.15 equiv.). The solution was stirred at 45˚C overnight. The solvent was evaporated under reduced pressure, and the mixture was purified by column chromatography to afford the desired benzylic alcohol product.
